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Abstract Major-ion Chemistry Pore Water Major-ion Chemistry

CATIONS ANIONS CATIONS ANIONS

The U.S. Geological Survey (USGS) is conducting a comprehensive geologic, hydrologic, Major-ion composition of 27 groundwater samples ¢, - 20mg1 HCOs = 270 mg/L Pore water was extracted from numerous fresh ¢, g g1 HCO, = 250. mg/L

. . o o o o inle- itori itas i Mg = 130 mg/L €03 =0mg/L i i i Mg = 110. mg/L C03=0. mg/L
and geochemical investigation of groundwater resources in the San Diego coastal area. collected from 5 multiple-well monitoring sites is iy Cl2 1,100 mg/L. core samples collected during the installation of N K

. . . . . . . . i ili i R S04 =230 mg/L i i =17.m 1= .m
The regional assessment includes five drainage basins, in order to gain a better understanding PIASERE] S TE) £ U IRGET G e, FEreerages ; SDSW and SDCC using a hydraulic press and K= 17. mg/L S04 1,000, m/L

fihe h | fh I : . : ) l £h of major ions on a charge-equivalent basis indicate stainless steel capsule system. During the ex-
of the hydrogeology of the areally extensive San Diego Formation. An integral part of the the chemical composition of the groundwater in ‘ sDCC traction process, between 3 to 15 mL of fluid was

inveStigation is the installation of 10 mUltiple'We” monitoring sites to collect groundwater the Sweetwater and Otay River drainage basins SDMC Squeezed from about 50 grams of sediment by

SDOR m SDCC

samples from discrete intervals and to extract pore-water fluids from selected sections of drill can be characterized as mixed cation-Cl to ‘ - applying 4,000-6,000 psi to the capsule system = SDMC

core. The analytical protocol includes major dissolved ions, trace metals, stable isotopes, and Na-Cl type. This chemical character results SDSW for a period of 15 to 45 minutes. The pore- < m Seawater
strontium isotopes (87Sr/86Sr). Strontium isotopes have proven to be especially useful in from calcite precipitation, gypsum dissolu- Seawater water samples were then prepared for the

: .. : : : : .. tion, and cation exchange and not from , analysis of major dissolved ions, trace
detecting mixing among waters of different sources and histories, as well as in characterizing . . . . o
, , sulfate-reduction reactions which are metals, stable isotopes, and strontium iso-
the effects of water-rock interaction.

typical of other coastal groundwater sys- topes. Percentages of major ions shown
tems. The percentages of major ions using a trilinear diagram indicate the
This paper will present groundwater and pore-water data collected from two, east-west J indicate also that the chemical char- 2 chemical composition of the pore-

pairs of monitoring-well sites located in the Sweetwater River and the Otay River acter of several water samples re- V water samples collected from SDSW

drainage basins as well, as a monitoring-well site located on a plateau between the Simb'e t:‘e T eI EOmeEmiert — oo & and s[zlcc :re s|m.|a|1r to the 1, s
. . ST . OT seawater. rounawater samplies. i

two drainage basins. These data indicate that the hydrogeology of the San Diego area can PERCENT g P

be characterized as alternating layers of marine and non-marine sediment lacking large-scale : : :

lateral uniformity. The dissolved strontium concentrations from these groundwater samples Minor-ion Chemlstr'y Pore Water Stable Isotopes of Hand O

and pore-water fluids ranged from as low as 100 ug/L to more than 18,000 ug/L, and the

875r/365r ratios ranged from about 0.7060 to 0.7090. One potential source of groundwater The concentration of iodide ions in water rela- . The lighter (more negative) isotopic values for pore-water samples collected from SDCC are char-

in the San Diego area is modern seawater, which has an 875r/865r ratio of about 0.7092; tive to ClI” concentrations was analyzed to dis- | @ SDCC f acteristic of recharge which originates in the mountains to the east of the San Diego area. In con-
d ® ® ® ° ° ° - ° SDMC . . . . . .
another is recharge from the topographically higher elevations east of the study area that tinguish between high-Cl” water from differ- ' ‘ trast, the isotopic values for pore-water samples collected from SDSW are characteristic of local precipita-

SDOR Seawater Mixing Line
has 87Sr/86Sr ratios between 0.7050 and 0.7060. Finally, the similarities in 87Sr/86Sr ratios ent sources. lodide is an excellent indicator of SDOT ertnet tion as the source of recharge.
between groundwater samples and pore-water fluids provide insight into the relative the geologic material that water has encoun- -

SDSW
. : : SEAWATER
: .. . . : tered as it flows through aquifers. Also shown is
hydraulic conductivity among these discontinuous aquifers. . AL
a simple two-member mixing line between

native freshwater and seawater. The ratio of
chloride-to-iodide in water from several wells

Background plot along the mixing line and suggests that
water from these coastal wells are affected by
The regional assessment of groundwater resources in the San Diego area was seawater intrusion and (or) mixing with high-

designed as an integrated set of five drainage-basin investigations, in orderto [ chloridewaterfrom fine-grained deposits. e

gain a better understanding of the hydrogeology of the areally extensive CHLORIDE, IN MILLIMOLES PER LITER

San Diego Formation. The San Diego Formation is composed of thinly bedded
sandstone and conglomerate, which originated as marine and non-marine Stable Isotopes of Hand O
sediment during the late Pliocene and early Pleistocene, ranges in thickness

from about 100 feet to more than 800 feet, and is overlain by about 100 feet The stable isotopes of hydrogen and oxygen

of unconsolidated Quaternary deposits. can be used to identify the different sources of
recharge in the Sweetwater and Otay River

: : T : : : i ins. Th iff f re-
An integral part of the investigation is the installation of 10 multiple-well drainage basins. These different sources of re
charge are distinguishable by: (1) isotopic values

monitoring sites to depths of as much as 2,000 feet. Data includes geologic and comprised of a mixture of groundwater and sea-
geophysical logs, cores from selected depths, water-quality samples analyzed for water; (2) lighter (more negative) ground-water
a broad range of constituents including major and minor dissolved ions, trace isotopic values that are characteristic of recharge

metals, volatile organics, pesticides, wastewater indicators, and stable and wichionginatesimtnelmovntalnstokicicastof
’ 7 P ' ' the Sweetwater and Otay River drainage basins; more hydrogeologic detail than the 3/Sr/86Sr

radiogenic isotopes. At two multiple-well monitoring sites, pore water was and (3) intermediate isotopic values which are | | ratios from the groundwater samples. The
extracted from numerous fresh core samples using a hydraulic press and stainless characteristic of local precipitation as the source il j 87Sr/86Sr ratios in the SDSW profile are highest at

: : : : : : After adjusting the stable isotopic values in water . . to their lowest values at about the 560-ft level. The
major dissolved ions, trace metals, stable isotopes, and strontium isotopes from several coastal wells for the contribution of ' ‘ pore-water 87Sr/86Sr isotope ratios for the SDCC

(87Sr/865r). In addition, the multiple-well monitoring sites are equipped with seawater, the predominant source of recharge in e : : : : profile reflect a similar trend which was absent

real-time, water-level recording equipment and the data is available via the the Sweetwater and Otay River drainage basins 3'°0, in per mil from the groundwater 87Sr/86Sr isotope ratio pro-
project website http://ca.water.usgs.gov/sandiego appears to originate in the mountains to the east file. The resulting pore-water 8/5Sr/86Sr profiles sug-
and not from local precipitation. gest a stratigraphic connection between the two
SN e | MR i sites. These two profiles suggest also that water
- 2 e A : flows from the mountains to the east of the Sweet-
P e ito ver ST B e 81Sy/86Sr ISOtOpe Ratios water and Otay River drainage basins, along the
~JDrainage Basin A oRi pE T P (Y stratigraphic connection, and mixes with the - 07060 07070 07080 07090  0.7100

; ‘ § San Diegqi;Rive;r V. b ! 7 4 ) J ' ; % ) ® ) ) ) ° () ) I 87 86
“p\ DrainageBasin , ] '’ ') n_ Sar{Dieguito River Drainage Basi :«. n 4 2 Strontium isotopes are useful in detecting mixing among waters of different sources and histo- groundwater in the coastal wells. Sl

” S%ﬁ?ﬁ":ZZ"éf;xf’ "l 1 o Al ries, as well as in characterizing the effects of water-rock interaction. The dissolved strontium con-
§ 2 | W . J57) . centrations of the groundwater samples in the San Diego area ranged from as low as 100 ug/L to more

than 18,000 pg/L. The highest strontium concentrations for the 27 groundwater samples in the Sweet-

water and Otay River drainage basins were collected from SDMC. The 875r/86Sr ratios ranged from S]_gn]_f]_ca_nt Pj_ndj_ng‘s

about 0.7060 to 0.7090, with the lowest values from groundwater samples collected from SDMC and

the highest values from groundwater samples collected from SDCC. The greatest variation of 87Sr/86Sr

ratios with depth were from groundwater samples collected from SDSW. 1. Groundwater in the Sweetwater and Otay River drainage basins is characterized as

mixed cation-Cl to Na-Cl type.

CHLORIDE-TO-IODIDE MOLAR RATIO
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The pore-water 87Sr/8°Sr isotope ratios provide
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DEPTH, IN FEET BELOW LAND SURFACE

1

0.7100

Sweetv}\;\ter Rive | 3 2. Water from several coastal wells in the Sweetwater and Otay River drainage basins is af-
Dfainage Basi | | fected by the presence of seawater and (or) mixing with high-chloride water from fine-
grained deposits.
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monitoring wells

© Shsw ® SDMC

_ | |—@-sDCC .
: gg('\:"cc e ‘ United States | | ® SDOR - |—@-SDMC j 4. The highest strontium concentrations are in groundwater samples collected from coastal

O SDoT Mexico _- O SDOT |- | |—@-SDOR | wells and correspond to the lowest 87Sr/86Sr isotope ratios.
© SDOR inage Basin . ® SDSW . | ~©~SDOT 1
i m Seawater 2 000 -

3. The predominant source of recharge in the Sweetwater and Otay River drainage basins
originates in the mountains to the east and not from local precipitation.

® SDCC

DEPTH, IN FEET BELOW LAND SURFACE

10 MILES N aa? 5. The pore-water 87Sr/86Sr isotope ratios identify a stratigraphic connection of relatively
— ' 0.01 0.1 1 0.7050 0.7060 0.7070 0.7080 0.7090 0.7100 o o o o . R . .
5 10 KILOMETERS 1/umol St o7, B, high hydraulic conductivity in the Sweetwater and Otay River drainage basins.




